The sequence of events that follows the intravenous injection of insulin has been reviewed extensively by De Bodo and Altszuler (1) . A complex set of mechanisms normally operates to antagonize the action of insulin, thereby limiting the extent to which the blood glucose falls and causing a rapid return to original levels. There is evidence that glucocorticoids and growth hormone play an important role as hormonal insulin antagonists. Thus both Addison's disease and hypopituitarism are known to be associated with increased insulin sensitivity, whereas patients with Cushing's syndrome or acromegaly are resistant to its hypoglycemic action (2, 3) . The observation that the intravenous injection of insulin into control subjects results in rapid elevations of plasma cortisol (4, 5) and growth hormone (6) (7) (8) (9) also supports the possible physiologic importance of these hormones as insulin antagonists. Since the release of these two hormones depends on adequate hypothalamic as well as pituitary and adrenal function (5, 7, 10) , it was apparent that a rapid test of both the hypothalamo-pituitary-adrenal axis for the secretion of cortisol and the hypothalamo-pituitary axis for the secretion of growth hormone could be developed with insulininduced hypoglycemia as a stimulus.
The present paper describes the time sequence of the changes in plasma sugar, free fatty acids (FFA), cortisol, and growth hormone in normal subjects given insulin, the reproducibility of these responses, and the variation in response with different doses of insulin. A normal range of response has been defined so that similar tests performed in patients with a variety of endocrine and other disorders (11, 12) could be interpreted..
Methods
Fifty-four tests were carried out in 38 subjects, of whom 12 were members of the medical staff and the remainder patients who were not malnourished and who had no clinical or biochemical evidence of endocrine, hepatic, or renal dysfunction. The subjects' weights ranged from 78 to 142% of their ideal body weights and their ages from 18 to 34 years.
The tests were commenced between 9 and 10 a.m. after an overnight fast of 12 to 14 hours. The subjects were kept at rest in the horizontal position for 1 hour before the first blood sample to minimize the effects of previous exercise. An indwelling needle was inserted into a forearm vein 30 minutes before the first sample was taken to minimize the possible effects of stress. A second sample was taken 45 minutes after the insertion of the indwelling needle. The needle was kept patent between samples by the introduction of a small amount of citrate, a 1-ml waste sample being discarded before taking each blood specimen to avoid contamination by the citrate. After two samples had been taken at 15-minute intervals, the appropriate amount of glucagonfree soluble insulin (0.025 to 0.15 U per kg body weight) was injected intravenously. Blood samples were then taken at 10-minute intervals for 1 hour and at 15-minute intervals for a further hour. In five control studies the test was performed in exactly the same way, but saline was substituted for insulin. The blood was placed in heparinized tubes and immediately centrifuged. The plasma sugar and FFA concentrations were determined in all samples. Plasma cortisol and growth hormone concentrations were determined for the two samples taken before the injection of insulin and for the 20-, 30-, 60-, 90-, and 120-minute samples. All samples were stored frozen before analysis.
Injection of 0.1 U per kg or more of soluble insulin usually resulted in transient symptoms after about 20 (18) . with a T.echnicon autoanalyzer. The recorder was set Statistical methods (20) included calculation of the at the highest sensitivity with glucose standards ranging arithmetic mean and standard deviation, the correlation from 0 to 120 mg per ml. The reproducibility of the coefficient, the multiple correlation coefficient, and the method in our hands was the mean + 3 mg per 100 ml value for Student's t test.
(SD) and gave values 5 to 10 mg per 100 ml above the Quantitative comparisons between plasma values obresults found by a more specific glucose oxidase method tained during dynamic tests are difficult when the plasma (14) . FFA levels were determined on freshly extracted is not continuously sampled. For comparative purposes plasma by the single extraction method of Dole and we have taken the minima of the plasma sugar and FFA Meinertz (15) . In our hands the standard error of the and their recovery index for each test. The latter is the method on duplicate titrations of replicate extractions sum of the plasma levels obtained at 60, 90, and 120 minwas ± 3%. "Cortisol" concentrations were determined utes expressed as a percentage of the value obtained duron 2-ml samples of plasma by a fluorimetric procedure ing the control period and gives an index of the rate of (16) . This method determines essentially cortisol and recovery of the plasma levels to preinsulin values. For corticosterone when applied to human plasma, and al-plasma cortisol and growth hormone the maximal levels though the term "plasma cortisol" in this paper is used observed during the test have been used. The maximal for convenience, we are aware that both cortisol and increment has also been recorded to reduce these maxima corticosterone are being determined. This method gives to a common base line of zero. Estimates of response values similar to those obtained with a calorimetric were also obtained by calculating the area of response in method (17) . Plasma growth hormone values were de-the period from 0 to 120 minutes after insulin for the Results Plasma levels of sugar, EFA, cortisol, and growth hormone in control subjects at rest after overnight fasting. The levels of plasma sugar, FFA, cortisol, and growth hormone were determined for each subject at rest after an overnight fast on from two to eight separate occasions. The mean, standard deviation, and range of values for the four plasma constituents are given in Table I . There was no correlation among the levels of plasma sugar, FFA, cortisol, and growth hormone in each subject.
The method used for growth hormone assay was not sufficiently sensitive to detect circulating levels of growth hormone in all subjects. Thus growth hormone was only detectable in 18 of the 36 subjects over the 92 determinations carried out. The resting level of plasma growth hormone was 4.1 ± 5.48 mpigper ml inthewomen and 1.7 ± 2.19 mixg per ml in the mren. The difference between these two values is not significant. There was no significant sex difference among the resting levels of plasma sugar, FFA, or cortisol.
The plasma sugar, FFA, cortisol, and growth hormone responses to the intravenous injection of insulin (0 to 0.15 U per kg) in control subjects. The response to various dose levels of insulin ranging from 0.025 to 0.15 U per kg was studied in 12 members of the medical staff and compared with the values found after the injection of saline. The mean results are shown in Figure 1 and summarized in Table II .
After the injection of insulin there was a prompt fall of the plasma sugar to a minimal value at 20 to 30 minutes. The lowest level reached correlated with the dose of insulin (r = -0.78, p < 0.001, n = 28). The recovery indexes also correlated with the dose of insulin (r = -0.83, p < 0.001, n Ad 28). There was no significant plasma sugar change after the injection of saline. The mean level of circulating cortisol fell from 13.6 to 10.1 tg per 100 ml in the 2 hours after the injection of saline, and a similar fall was found after the injection of 0.025 U per kg of insulin. With progressively higher doses, a rise in plasma corti- sol was detected after 30 minutes and appeared to be related to the dose of insulin (Figure 1 ).
The mean plasma FFA level increased from 710
to 840 ufEq-per L during the 120-minute test period in the five subjects given saline. The pattern of the FFA response to insulin was similar to that of the plasma sugar, namely a prompt fall followed by a return to preinsulin levels. Unlike the plasma sugar response, however, the minimal level was found at 20-minutes, and although the minimal levels correlated with the insulin dose (r =-0.42, p < 0.05, n 27), the recovery indexes did not (r 0.24, p > 0.05, n = 27).
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In contrast to the findings in relation to the plasma cortisol response to insulin, a significant effect on growth hormone levels was observed in the group of control subjects given O.025 U per kg as compared with the values found in the group injected with saline. The variation in response among-subjects receiving the same dose of insulin was markedly greater for growth hormone than for cortisol (Table II) , and on a molar basis there is a marked difference in the peak plasma concentration of growth hormone (109 M) and cortisol (10-6 M) . Figure 1 shows that the growth hormone response was apparently sustained with an initial rise at 30 minutes reaching maximal levels at 60 or 90 minutes. These values, however, are the mean of markedly fluctuant individual levels. Thus in some subjects two separate growth hormone peaks were found, whereas in one subject given 0. Maximal values 0 to 120 minutes after injection. Maximal value 0 to 120 minutes after injection less value of control sample.
utes after insulin (27.5 + 5.5 fzg per 100 ml) than did the males (23.3 ± 2.6 jug per 100 ml) (p < 0.05).
For the purpose of defining a normal range of response these minor differences were disregarded, and pooled results from the 28 subjects and patients are shown in Table III . Reproducibility and time relation-ships of the responses to insulin. Five of the control patients were retested with the same dose of insulin (0.15 U per kg), and the results are summarized in Table IV.
The plasma sugar, FFA, and cortisol responses were similar during the repeat tests, but maximal growth hormone levels and their maximal increment above the fasting'-value were grossly disparate, two-to fourfold differences being found.
In three control subjects blood samples were taken at 5-minute intervals after the injection of insulin to determine the time relationships of the various responses. The increase in the circulating levels of FFA, cortisol, and growth hormone that occurred from 20 to 25 minutes after the injection of insulin preceded by 5 minutes the rise of the plasma sugar from its nadir.
Discussion
Of the various criteria that must be applied to any function test, such as specificity and reproducibility, that relating to safety is of paramount importance. Many clinicians have reservations concerning the use of a test based on the intravenous injection of insulin, especially in patients with hypothalamic or pituitary dysfunction (22) . In our experience the diagnostic value of the responses to insulin outweighs the possible risk. No patient in the present studies experienced severe side effects, and the only complications encountered in an additional 300 tests have been coma (on two occasions) and angina (on two occasions), which responded promptly to the intravenous administration of glucose. Essential safeguards include the presence of a physician throughout the test, the avoidance of the test on patients with a history of epilepsy or of heart disease (because of the danger of precipitating angina or cardiac arrhythmias in the latter group) (23), the immediate availability of glucose for intravenous injection, and the use of an amount of insulin relating to the probable diagnosis. In this context we have not found it necessary to use less than 0.10 U per kg even in patients with endocrine hypofunction. Finally, as Fraser (24) has emphasized, the patients should be given a meal at the end of their test and should eat regularly throughout the rest of the day to avoid the risk of hypoglycemia occurring after the completion of the test period. In our experience this risk is minimal if insulin is given intravenously (as opposed to subcutaneously or intramuscularly).
Material may be protected by copyright law (Title 17, U.S. Code) . :::_,:_11_:_-,:,: -It is important to standardize the preliminaries of the test in order to establish basal values. In particular the subjects must be fasted and must also be at rest, since there is a marked sex difference in the effect of exercise on plasma growth hormone levels. Thus Frantz and Rabkin (25) have shown that growth hormone values in women are increased even when exercise is limited to ambulation. It is a measure of effective standardization that we did not detect a significant sex difference. The tests were performed with an indwelling needle to avoid the stress of repeated venipunctures, since both emotional and physical stress has been shown previously to result in parallel rises in plasma cortisol and growth hormone (26) . Thel use of an indwelling needle affords the additional advantage that glucose can be injected intravenously with minimal delay if severe side effects occur.
In three subjects plasma samples were obtained at 5-minute intervals after the injection of insulin in order to determine the time course of the plasma sugar, FFA, cortisol, and growth hormone responses. It was apparent from these studies that the determination of plasma sugar and EFA levels at 10-minute intervals for 1 hour and at 15-minute intervals for a further hour allowed a reasonable approximation of their nadir and rate of recovery. It also appeared that the determination of plasma cortisol and growth hormone levels at 30-minute intervals was sufficient to determine their near maximal values. Five subjects were tested on two separate occasions. The plasma sugar, FFA, and cortisol responses were reproducible, but the plasma growth hormone responses were not. The response in the second test was not consistently lower or higher than that obtained in the first, and the reasons for the disparity in the growth hormone increments are not apparent. The reproducibility of the plasma cortisol rise mitigates against a variable element of stress as a reason for the variable growth hormone response. Sampling, however, was less than continuous, and the more rapid disappearance of growth hormone from plasma than cortisol may play some part in the variability of response.
The effects of injecting different amounts of insulin (0 to 0.15 U per kg) were studied in a group of control subjects. In the 2-hour period after an injection of saline, plasma sugar levels remained constant, FEA and growth hormone levels increased, and plasma cortisol levels fell. After the injection of insulin, plasma sugar and EFA levels fell to a nadir at 20 to 30 minutes and then returned to, or above, preinsulin values. The minimal levels found and the rate of recovery of the plasma sugar (but not of the plasma FFA) were related to insulin dosage. The injection of 0.05, 0.10, and 0.15 U of insulin per kg resulted in a sustained plasma cortisol rise, detectable at 30 minutes and related to the amount of insulin administered. A significant elevation of growth hormone levels was observed in subjects given 0.025 or more, U per kg. Growth hormone levels frequently showed marked fluctuations during the course of the test. An additional six patients were studied after the injection of 0.30 U of insulin per kg. The results in these patients were not included in the present paper, since they had peptic ulcers and since the tests were performed in conjunction with a Hollander insulin test (27) , which involved the insertion of a stomach tube and continuous gastric aspiration. Their resting plasma cortisol and growth hormone levels were significantly raised, and calculation of the areas of their plasma sugar, PFA, cortisol, and growth hormone responses showed that they were less than expected from the relationships established over insulin doses from 0 to 0.15 U per kg. Stress may have played a significant but unknown part in the responses, or responses may be maximal at the 0.15 U per kg dose level.
The responses to 0.15 U of insulin per kg were studied in a group of 22 control patients. Their results did not differ significantly from those obtained in members of the medical staff, and the responses were not related to age or weight over the age and weight ranges studied. Significant sex differences were found in relation to the mean plasma sugar nadir and the mean plasma cortisol value at 90 minutes.
The main purpose of the present investigation was to determine the nornmal range of the plasma sugar, FFA, cortisol, and growth hormone responses to insulin for subsequent comparison with the responses found in patients with a variety of pathological conditions. The criteria of a normal test (see Table III ) were kept relatively simple in order to have clinical practicability and took into account the great variability of the growth horMaterial may be protected by copyright law (Title 17, U.S. Code) mone response. The use of an over-all range for each index studied resulted in differences related to sex being operationally insignificant. The range of normal responses was found to encompass the results previously reported by other authors for plasma cortisol (5) and for growth hormone (6, 8, 9, 28, 29) when allowances were made for the different standards of human growth hormone used. We believe the criteria used will enable responses in subsequent tests to be graded as being "normal," "reduced," or "absent." Summary A rapid test of the hypothalamo-pituitary axis for the secretion of growth hormone and the hypothalamo-pituitary-adrenal axis for the secretion of cortisol is described.
Plasma sugar, free fatty acid, cortisol, and growth hormone were measured in 43 normal subjects before and at intervals for 2 hours after the intravenous injection of saline or various doses of insulin (0.025 to 0.15 U per kg body weight). Estimates of the responses have been derived from the measurements and the changes intercorrelated and correlated with the dose of insulin. A normal range of responses has been defined and the time sequence of the changes studied. The reproducibility on repeat tests was found to be poor for the response in growth hormone. Sampling times in routine insulin tests are suggested and the safeguards and standardization of the test discussed.
